In an effort to improve visualization during colonoscopy, a transparent plastic cap or hood may be placed on the end of the colonoscope. Cap-assisted colonoscopy (CAC) has been studied and is thought to improve polyp detection. Numerous studies have been conducted comparing pertinent clinical outcomes between CAC and standard colonoscopy (SC) with inconsistent results.
their removal [6] . However, colonoscopy is not perfect. Cancer, described as interval cancer, may develop after negative screening colonoscopy because of missed lesions [7, 8] . In an effort to decrease these interval cancers, many quality parameters have been used to determine the quality of the endoscopist; one of these is the adenoma detection rate (ADR).
The ADR for any endoscopist has an inverse correlation with the development of interval cancers [9] . If the ADR is high, then the development of interval cancers will likely be low in the endoscopist's patient population. With every 1% increase in ADR, a 3% decline in interval colon cancer development may be observed [10] . Therefore, the quality of screening colonoscopy is very important. Numerous other quality indicators for colonoscopy have been established, including bowel preparation scoring systems, cecal intubation time, cecal intubation rate, polyp detection rate (PDR), and withdrawal time [11] .
Recently, the American Society for Gastrointestinal Endoscopy and the American College of Gastroenterology came forward with guidelines recommending that endoscopists performing screening colonoscopies should have a 90% cecal intubation rate [11] . This is the same criterion proposed by the United States Multi-Society Task Force on colon cancer [12] . A good quality screening colonoscopy is a prerequisite for optimal patient care and many of the quality indicators described need to be fulfilled for reimbursement [13] .
In the literature, adenoma miss rates have been reported to be up to 24% after a complete colonoscopy [14, 15] . Advances in colonoscopy techniques to decrease adenoma miss rates include a withdrawal time of greater than 6 min, retroflexion in the right colon, endorings, polyp removal on insertion, endocuff, chromoendoscopy, narrow-band imaging, molecular imaging, enhanced electronic imaging, dynamic positioning of patient, third-eye retroscope, wide-angle colonoscopy, G-eye balloon, and cap-assisted colonoscopy [15] [16] [17] [18] [19] [20] [21] . These supplementary tools, offered to increase ADR, come at a cost and may increase procedure time significantly.
Cap-assisted colonoscopy (CAC) is the attachment of a distal transparent cap to the end of the colonoscope to facilitate passage and increase ADR. The distal cap attachment acts to improve ADR by increasing mucosal surface visualization through flattening of haustral folds on withdrawal of the colonoscope [22] . Studies comparing CAC versus standard colonoscopy (SC) without the cap have yielded conflicting results, with some favoring utilization of a cap while others have a negative view of cap use [23, 24] . Our study aim was to examine the impact of CAC on common quality parameters for colonoscopy, including ADR.
Materials and methods
A systematic and comprehensive literature search of Scopus, MEDLINE/PubMed, CINAHL, Cochrane databases, and recent abstracts (between 2008 and 2016) from major American meetings (Digestive Disease Week and the American College of Gastroenterology) were searched in November 2016. In addition, the reference lists of all articles were searched. Search terms used were "cap" or "hood" and "colonoscopy". Two reviewers (FM and CB) independently reviewed all abstracts returned by the search. A third reviewer (MLB) confirmed these results and mutual agreement was necessary in cases of discrepancy or disagreement. Only randomized controlled trials (RCTs) that involved adult patients and compared the practice of CAC versus SC were included in the analysis. Short caps, with less than 2 mm of protrusion from the distal tip of the colonoscope, were excluded. A meta-analysis was conducted using calculated pooled estimates of total colonoscopy time, time to cecum, cecal intubation rate, terminal ileum intubation rate, PDR, and ADR. Every outcome was analyzed with Mantel-Haenszel or DerSimonian and Laird models, using the odds ratio (OR) for dichotomous data or the mean difference (MD) for continuous data. The I 2 measure of inconsistency was used to assess heterogeneity (P<0.05 or I 2 >50% was considered significant). If statistically significant heterogeneity was observed, a sensitivity analysis was performed and certain studies were removed, leading to heterogeneity. RevMan 5.3 (Review Manager, Version 5.3, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2012) was used for the statistical analysis. Quality assessment of the included studies was performed using the Cochrane Collaboration's tool for assessing risk of bias [25] [26] [27] . A GRADE was assigned to each outcome based on the quality of evidence. This GRADE may be very low, low, moderate, or high quality, based on variable quality parameters [25] [26] [27] .
Results
A total of 589 potential articles and abstracts were identified, of which 40 appropriate articles were reviewed. Once the comprehensive search had been completed, 23 RCTs were included in the final analysis [22] [23] [24] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] (Fig. 1) . The characteristics of the 23 studies included are summarized in Table 1 . These studies included 12,947 patients with mean age ranging from 47-64.6 years. The quality of studies ranged from low, moderate, and high quality ( Table 2 ).
Duration of colonoscopy
Fifteen studies evaluated time to the cecum for colonoscopy (n=7241) [23, 24, [29] [30] [31] [32] [35] [36] [37] [39] [40] [41] [42] [43] [44] . Mean time to the cecum ranged from 3.3-12.4 min for CAC, and 4-16.8 min for SC. On pooled analysis, a statistically significantly shorter time to the cecum was observed for CAC compared to SC (MD -0.82 min; 95% confidence interval [CI] -1.20 to -0.44; P<0.01) ( Fig. 2A ). Significant heterogeneity was noted on this analysis (I 2 =62%, P<0.01). Based on this heterogeneity, a sensitivity analysis was performed and revealed similar results when two studies were excluded [31, 35] with no significant heterogeneity (MD -0.84 min; 95%CI -1.15 to -0.52; P<0.01; I 2 =34%, P=0.11). Seven studies evaluated the total time of colonoscopy (n=2811) [29] [30] [31] [32] [34] [35] [36] . Mean total time of colonoscopy ranged from 13.1-23.2 min for CAC and 13.9-29.2 min for SC. On pooled analysis, a statistically significantly shorter total time of colonoscopy was noted for CAC compared to SC (MD -1.51 min; 95%CI -2.67 to -0.34; P<0.01) (Fig. 2B ).
Significant heterogeneity was noted on this analysis (I 2 =86%, P<0.01). Based on this heterogeneity, a sensitivity analysis was performed and revealed similar results when three studies were excluded [30, 31, 34] with no significant heterogeneity (MD -1.27 min; 95%CI -2.13 to -0.41; P<0.01; I 2 =27%, P=0.25).
Success of colonoscopy
The success of colonoscopy was evaluated by cecal intubation and terminal ileum intubation rates. Seventeen studies compared CAC to SC for cecal intubation rate (n=10,904) [22] [23] [24] 29, [32] [33] [34] [35] [36] [37] [38] [39] [40] 43, [45] [46] [47] . In the CAC group, the cecum was intubated in 5344 of 5500 (97.2%) colonoscopies. In the SC group, the cecum was intubated in 5193 of 5404 (96.1%) colonoscopies. On pooled analysis, no statistically significant difference was noted between CAC and SC with regards to cecal intubation rate (OR 1.32; 95%CI 0.94-1.87; P=0.11; I 2 =42%, P=0.06) (Fig. 3A) .
Seven studies examined terminal ileum intubation rates (n=4320) [22, 24, 29, 32, 36, 39, 41] . For CAC, the terminal ileum was intubated in 1821 of 2170 (83.9%) colonoscopies. For SC, (Fig. 3B) . Because of the significant heterogeneity, a sensitivity analysis was performed and revealed similar results when one study was excluded [22] with no significant heterogeneity (OR 1.28; 95%CI 0.99-1.67; P=0.06; I 2 =44%, P=0.11).
PDR and ADR
PDR and ADR were examined in many of the RCTs. Eleven studies evaluated PDR between CAC and SC (n=6916) [28, 29, [31] [32] [33] 35, 37, 40, 43, 44, 47] (Fig. 4) .
Ten studies compared ADR between CAC and SC (n=7176) [22] [23] [24] 28, 29, 33, 35, 36, 39, 43] . With CAC, at least one adenoma was detected during colonoscopy in 1258 of 3622 colonoscopies, giving an ADR of 34.7%. With SC, at least one adenoma was detected in 1169 of 3554 colonoscopies, giving a PDR of 32.9%. On pooled analysis, no difference was observed between CAC and SC concerning ADR (OR 1.11; 95%CI 0.95-1.3; P=0.2; I 2 =56%, P=0.02) (Fig. 5) . However, because of the statistically significant heterogeneity, a sensitivity analysis was performed and revealed contrary results when one study was excluded [36] with no significant heterogeneity (OR 1.17; 95%CI 1.04-1.33; P=0.01; I 2 =19%, P=0.27). This study [36] was removed as it described the CAC group receiving significant lower bowel preparation scores than the SC group, likely to have affected ADR.
Discussion
Acceptable ADRs of endoscopists result in safe recommendation of screening and surveillance intervals for [48] . To achieve high ADRs, the colon should be inspected by performing complete insufflation and looking behind each fold [49] . A longer withdrawal time has also been reported to aid in achieving a high ADR [50] . Furthermore, CAC has been evaluated to improve ADR. Attachment of a cap can aid the endoscopist but also hinder the colonoscopy. On the one hand, the cap can depress the haustral folds and keep the tip of the colonoscope a short distance away from the colonic mucosa [24, 34] , thereby providing a 360-degree view of the colonic lumen and significantly decreasing the surface area of the colon left unexamined [51] . However, if bowel preparation is average, fecal material can get lodged in the cap and impede visualization. The cap length can also be a factor; if a short cap (2-4 mm) is used then polyp detection may be increased, but longer caps (7-11 mm) have been shown to shorten the time to cecal intubation. CAC has been hypothesized to shorten the time to cecal intubation by prevention of red-out, better separation of colonic folds and better orientation of the lumen.
It can also aid in the navigation of swollen sigmoid areas with diverticulosis in the elderly, thereby decreasing cecal intubation time in difficult colonoscopies.
In a randomized trial by Pohl et al, CAC resulted in a faster cecal intubation time (4.9 vs. 5.8 min; P< 0.001) but there was no increase in ADR [22] . Lee et al reported that CAC achieved a higher cecal intubation rate in patients with previously failed colonoscopies when compared with SC (67% vs. 21%; P=0.003) [36] . Postulated mechanisms of shortening cecal intubation time and achieving a successful colonoscopy in difficult cases include the utilization of less air during the colonoscopy by using a cap and the ability to "hook" the colonoscope in folds, with subsequent loop reduction [24] . Harada et al conducted a prospective randomized study comparing the cecal intubation time between CAC and SC [37] . This trial showed a significant impact for the more experienced endoscopist, with mean cecal intubation time with the cap being 10.2±12.5 min compared to 13.4±15.8 min for SC (P=0.024). Lee et al, in their randomized trial, [36] . Similarly, Rastogi et al showed that the mean time to reach the cecum with the aid of a cap was 3.29 min versus 3.98 min with SC (P<0.001) [24] . Another large randomized trial by de Wijkerslooth et al showed a lowered cecal intubation time with CAC compared to SC (7.7±5.0 vs. 8.9±6.2 min; P<0.001) [23] .
Multiple meta-analyses have been performed on this subject over the past six years [51] [52] [53] [54] [55] [56] [57] . Morgan et al, in 2011, found only marginally improved cecal intubation rates, but only included five RCTs [52] . In 2012, Westwood et al concluded that PDR improved using transparent caps, but cecal intubation time did not [51] . In 2012, Ng et al found only marginal improvement in cecal intubation times and PDR; however, total colonoscopy time did not differ between the two groups [53] . He et al, in 2013 , demonstrated that a transparent cap helps trainees but makes little difference to cecal intubation times for skilled endoscopists [54] . Morgan et al, in 2013 , found that in 14 RCTs cecal intubation time was significantly improved but polyp detection was not [55, 56] . Similarly, in 2014, Omata et al found no improvement in ADR with a transparent cap [57] . Given the varied results concerning cecal intubation times and ADR, this meta-analysis was performed, representing the largest to-date.
This meta-analysis shows that the implementation of a transparent cap with colonoscopy results in a significant reduction in time to the cecum and total time of colonoscopy, while improving PDR. However, cecal and terminal ileum intubation success was similar between the two groups. On pooled analysis of all available studies, ADR did not seem to be significantly improved. However, in a sensitivity analysis, ADR appeared to be better with CAC. The reasoning is that one study [36] may be inducing significant heterogeneity because the cap-assisted group experienced much poorer bowel preparations, which would be likely to impact the overall results for ADR. When this study was removed from the analysis, ADR appeared to be improved with CAC. Thus, ADR is likely to be improved with CAC but more studies may be necessary to reduce heterogeneity while including all studies.
With any meta-analysis, the strengths and limitations need to be mentioned. In this analysis, the strengths include the inclusion of only RCTs, large number of patients from various countries around the world, multiple clinical-based outcomes, sensitivity analysis on all outcomes with significant heterogeneity, and the largest meta-analysis to date on the subject of CAC. However, limitations also exist. First, few of the outcomes had statistically significant heterogeneity. In an effort to reduce the impact on results, a random effects model was utilized. In addition, a sensitivity analysis was performed that removed possible offending studies and evaluated the data, showing that most results were similar with no heterogeneity for all outcomes, the exception being ADR. When all studies were included, ADR demonstrated no difference between CAC and SC. However, on sensitivity analysis, the removal of just one study [36] yielded superior ADR results associated with CAC. Given this result, ADR may be, and probably is improved with CAC, but further studies will need to be performed to fully assess this outcome. Furthermore, given the possible impact of bowel preparation, with the possibility of stool in the cap, other studies have suggested that combining CAC with a second method of water exchange significantly improves ADR; however, more trials are needed to fully evaluate adding a second method [58, 59] . Second, not all RCTs were blinded to the endoscopist. This may lead to inherent bias throughout the analysis. Given that there is really no conceivable way to blind the endoscopist with CAC studies, this possible bias must be acknowledged. Third, the endoscopists' experience was not uniform in the trials being compared. Outcome parameters may be influenced by experience of the endoscopist. Fourth, cap sizes varied across the study. Given this variation, short caps, with less than 2 mm of protrusion from the distal tip of the colonoscope, were excluded in an attempt to remove inconsistencies from the pooled data. Finally, this study does not evaluate the impact of CAC on endoscopists whose ADR is already high. It is unclear whether the use of a transparent cap will improve ADR and other outcome parameters for those who are already successful in terms of those parameters. Further studies are required to fully assess the impact of CAC, comparing the less-experienced and the more-experienced endoscopist.
In conclusion, CAC appears to be beneficial in reducing procedure time and improving PDR. CAC is also likely to improve ADR but more studies are required to fully assess its impact on ADR. Based on this analysis, CAC is a viable modality for use in screening colonoscopy.
Summary Box
What is already known:
• The quality of colonoscopy is very important, assessed in terms of quality indicators such as adenoma detection rate • Many techniques have been studied to improve quality outcomes in colonoscopy, including the use of a transparent cap or hood on the distal end of the colonoscope • The use of a transparent cap or hood remains controversial
What the new findings are:
• A transparent cap or hood on the colonoscope improves polyp detection rate while reducing procedure times • Adenoma detection rate is likely to improve in cap-assisted colonoscopy, but further studies are required to confirm this
